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COMPLETE SPECIFICATION 
Improvements in or relating to Cold Pressure Welding 



We, The General Electric Company 
Limited, of Magnet House, Kingsway, 
London, W.C.2., a British Company, do 
hereby declare the invention, for which we 
5 pray 'hat a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 
The present invention relates to apparatus 
10 for and methods of cold pressure butt weld- 
ing together tubular parts of cold pressure 
weldable metal or metal alloys. 

It has already been proposed, as described, 
for instance, in British Patent Specifications 
15 Nos. 689,927 and 728,139 to butt weld two 
parts by cold pressure welding, and an ob- 
ject of the present invention is the provision 
of apparatus for cold pressure butt welding 
metal tubing, insuring proper alignment of 
20 the work-pieces and substantially eliminating 
lateral movement or skidding during weld- 
ing and to overcome other drawbacks and 
difficulties encountered in the cold pressure 
butt welding of metal tubes. 

According to the present invention, appar- 
atus for uniting by cold pressure welding two 
tubular parts of cold pressure weldable 
material and of similar cross-sectional dimen- 
sions in a butt joint with the tubular parts 
co-axial, comprises an internal supporting 
member and an external clamping member 
individual to each tubular part, and guide 
means for constraining the internal support- 
ing members and external clamping members 
35 to move co-axially together upon the appli- 
cation of pressure to effect butt welding of the 
tubular parts. 

In order that the invention may be clearly 
understood, reference is now made to the ac- 
companying drawings which illustrate ex- 
amples of welding apparatus and methods ac- 
cording to the invention and in the draw- 
ings:— 

Figure 1 is a side view of two mandrels 
slidable upon a common guide rail rod, the 
parts being in section to illustrate flash form- 
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ing relief surfaces; 

Figure 2 is a section through two com- 
posite die members, including the mandrels 
of Figure 1, and with two sections of tubing 
of similar cross-sectional dimensions to be 
joined mounted therein, the outer dies being 
split tapered dies with the interface perpen- 
dicular to the plane of drawing; 

Figure 3 is a section similar to Figure 2, 
with the dies closed and a butt weld formed; 

Figure 4 is a section taken along line 4 — 4 
of Figure 3; 

Figure 5 is a sectional view of a modified 
tooling particularly adapted to workpieces 60 
which will not permit central rail guide 
means, the tooling having a bridging guide 
device to interconnect the dies as they close; 

Figure 6 is a sectional view taken along - 
line 6—6 of Figure 5; 65 

Figure 7 is an illustration of abutting face 
configuration of an aluininium and a copper 
tube to predispose the tubes to flow equally 
into the weld flash; 

Figure 8 illustrates schematically and in 70 
greater detail an improvement in butt weld- 
ing two members of different hardness, the 
members being shown in their position prior 
to welding; 

Figure 9 shows the members of Figure 8 in 75 
an intermediate position during the welding 
cycle; and. 

Figure 10 shows the members of Figure 8 
in the final welding position. 

Referring now to the drawings particularly 
Figures 1 to 4 thereof, there is illustrated 
butt welding apparatus having two compo- 
site dies 10 and 11 composed of tapered outer 
dies 12 and 13 with inner plug dies as man- 
drels 14 and 15 associated therewith. 

As previously indicated, it is necessary to 
provide for almost perfect alignment of the 
butt end of tubular members in order to 
achieve a good weld. During the welding 
operation there are forces operating in a 
lateral direction which tend to move the abut- 
ting surfaces out of proper relationship, even 
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when originally perfectly aligned. Accord- 
ingly, the inner or plug dies 14 J^l 
illustrated as being moun?* »S 

5 r ? J ^ 20 extendin S through tRxis 

^ th fPlugd'es 14 and 15 In Figure 1 both 

rod 20 and 15 S ' idabIy mounted S 
rod 20 and a composite nut and lock nut 21 

serve as a retainer to keep the slidable plus 

to nn » ?' ll ^ e dies 14 31111 15 wi " be held 
n«T C ^f? , r f at,ve movement, and accord- 

any * tubular members «Sri 

over the dies in a fixed relative path 

i< m 3r- 0U,er dies 12 and 13 are preferably 
15 made m tapered form in order to convent 

and 5 '!? '"I* S0Cket ? iD «SS?6 
tfli u 6 socke,s are mdicated by the 
reference characters 18 and 19. Thus Z 

20 Sfv'wnf h ned ,T- ^ face of 
20 they will be seated into the sockets. The 

Sfo £rt 12 and 13 are s P Ht - and accord? 

cauie^ H^TT" 1 !, nt0 the sockets w «l 
cause the dies to close down to grip a work- 
is K^ SIt, -° ned therein - A "y "Sue driv- 

!W? emp,0yed 10 move the 
^ S 16 and 17 m a work path toward 
and away from one another provided thm 
such dnvmg means produces a sufficiently in 
™ S | orc H e . wh,ch w »l maintain the work- 
30 Piece fixed in contact, and continuous in its 

natuS continuous and severe in 

The plug dies 14 and 15 are carried een 
35 trally of the split outer dies 12 and I 13 re-" 
spectively, as pictured in Figure 2 and there 

inner surface of the outer dies define an 
annular space in which tubes 24 and ?5 mav 
40 reside As the welding action beeins tK 

Pace an°d U, f ? d ° Se dow " K £ 

space and thus will cause a tight grippjne 

force to be exerted upon the tubls 24 and "f 

According to the normal practice of cold 

cause the con inuous and severe flow of 
metal, a provision must be made for a place 
fo the metal to flow. It is known that K 

kS» ™ 3 8,ve " we d wi » be determined m 
Sfi m .^ sure . b. v «ne unrestricted flow of 
metal ei her sideways away from the weld 

we5d n 0 / T ,hC f !3 ic - kn P <* the metal when 
welding sheet and it has been found that 
many of the principles with reeard to weld- 

55 cannS and s ' mi,ar flapping structures 
n? ,?£ , bC app,,ed ^ ac,, y t0 the butt welding 
SSSTC" 1o«<wsr.ft has been di^ 
covered and fully substantiated that the inter- 
faces must be pressed together very intenselv 

60 over a surface which is not only i . move 
ment. but which is fixed in contact andTex 
2f a nH^n are ?i Accordingly, face recedes 
2.2 and 23 provided on composite die 10 ill™ 
trate a sui table recess in the die surface which 

65 will permit metal from the tubes 24 and 25 to 



expand and move as specified. It has further 
been discovered that acceptable welds re- 
quire that the metal flow from the centre out 
wardlym both directions. WeldinTof tutes 
SSftSFfi »** of aVa't SB 70 

fnrm a sheet ,s rolled into tubular 
f°^c ^ ACCOrd i n l Iy - in the inning of the 
tubes 24 and 25 the butt face ends 26 and 27 

bSySS tuL^fZ 38 P° ssi ble with the 

of oxMec anSth and ,f neC6SSar y made ^ 75 
oi oxmes and other contaminants by scratch 
brushing or machining away part of S 

dui aCe V SUC , h as „ by <W& tube to 'pro. 
fh,« a n fresh , cl,d The end of the tubings 
t 6n aI,0W ^ d *° P r °i«=t beyond ffij 80 
£Th com P osl,e d,es - Therefore, as the 35 m 
will nl « 0SC t0gether - tbe surfkees 5o and 27 
Secf lT°- C °^ An acceptable de - 

^/^C 85 

After contact of the ends 26 and 27 the 

fZZ un 1 te severe and continuous Such 
force will cause the metal to deform and 5 90 
gm to flow, and consequently will n7™w 
extreme lateral forces. Vwfve ?teffibS 
found that the rod 20 will hold [he plug dks 
14 and 15 ng.dly in their prescrib^Xion 
ami consequently the tubular members^* o< 
aWconfined to acceptable liZ^love. 95 

The closing of dies 10 and 1 1 is stopped hv 
face to face contact between the dfesTd the 

SXcA Pr ° V,S10n of the face re- 

flashes 28 and 29 Aetna n„ !£ • , d 
die. 14 and ,5 m ™ 20 "° d !*« ^ 
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In Figure 5 there is illustrated apparatus 
for uniting smaller size tubes and workpieces 
in which the centre mandrel is not sufficiently 
large to provide space for a central guide rail. 

5 In Figure 5 split and tapered holding dies 
31 and 32 are driven through a work cycle 
path toward and away from one another by 
means of carriages 36 and 37. Either manual 
or power driving force may be employed to 

10 operate the carriages 36 and 37. Inasmuch 
as the driving source is not a part of the 
present invention, such source of driving 
power is not illustrated. 
In the modification of Figure 5, the dies 31 

15 and 32 are provided with annular shoulders 
33 and 34, respectively, on the forward ends 
thereof. These shoulders provide guide sur- 
faces and are proportioned to fit internally 
within an annular ring 35. Ring 35 there- 

20 fore serves as a bridging guide rail in co- 
operation with the guide surfaces provided 
by the shoulders 33 and 34. In the illus- 
trated form of the tooling as shown in Figure 
5, the annular bridge member 35 is a separate 

25 member from either of the die devices, and 
the shoulders 33 and 34 enter into the inter- 
nal dimension of the annular ring 35 early in 
the closing movement of the dies and are 
thereafter accurately guided toward one 

30 another in a fixed path, and will successfully 
resist lateral forces produced by the welding 
operation. 

In order to further aid the accurate align- 
ment of the dies, a pin 38 carried by carriage 

35 36 bridges the gap to the carriage 37, and is 
slidably carried in a bushing 39 therein. 

Figure 5 further illustrates the preferred 
practice in the welding of small size tubing. 
Tubes 40 and 41 are provided with internal 

40 plug dies 42 and 43. but are not provided 
with a guiding rod such as the rod 20 shown 
in the Figures 1 through 4. Thus, the Figures 
1 to 4 illustrate an axial interconnecting 
bridge means, whereas the Figures 5 and 6 

45 illustrate bridge connecting means other than 
the axial bridge. In larger size tubing or 
tubing which requires extreme accuracy both 
alignment systems may be employed. 
It has been found that metal workpieces of 

50 different hardness or flow characteristics may 
be welded by predisposing the butting ends 
to co-operate in retarding the speed of flow 
of the workpiece having the greater flow ten- 
dency. Thus, as illustrated in Figure 7, the 

55 welding of a copper tube and an aluminium 
tube is set forth as an example. In this ex- 
ample the copper tube is provided with a 
concave abutment end 44, whereas the 
aluminium tube which has the greater flow 

60 characteristic is provided with a convex end 
45. Therefore the convex end will be par- 
tially enveloped by the copper tube which 
has the lesser flow characteristic. The re- 
tarding of the aluminium tube and the pro- 

65 vision of a thin section of the concave end 



44 to aid in the flow of the copper tubing 
permits a substantially balanced flow. Here- 
tofore attempts to weld materials of such 
different flow characteristics has resulted 
only in the softer of the metals sliding over 70 
the surface of the harder metals and com- 
pletely failing to weld. As pointed out be- 
fore, it has been discovered that welding re- 
quires constant contact over an expanding 
area, but not a sliding of one metal over the 75 
other. 

In Figure 7, welding of copper to alum- 
inium has been chosen as the example, but 
this is by way of example only. Any metals 
which are weldable by this process, and 80 
which have differing flow characteristics, may 
be balanced as to flow characteristics by this 
method and caused to produce a perfect and 
acceptable weld. Thus, two aluminium tubes 
of different hardness and flow characteristics 85 
may be improved in weldability by this 
method. 

It has also been found that the welding of 
tubes requires flash formation both to the in- 
terior of the tube as well as to the exterior 90 
of the tube in order to produce the necessary 
expansion of area with constant contact. 
Furthermore, there are instances in which it 
is desirable to completely block off the in- 
terior of the tube. An example of such in- 95 
stance is in the union of dissimilar metals 
which might have a tendency to corrode. 
Such blocking of the interior of the tubing 
aids in blocking moisture from intimate con- 
tact with the interface between the metals. 100 
Accordingly, in the preferred embodiment of 
the dies as illustrated, relief surfaces 46 and 
47 are provided in the face of the dies 31 and 
42, respectively, around the periphery of the 
cavity wherein the tube members are held. 105 
The surface 47 begins at the contact with the 
workpiece and recedes symmetrically there- 
from in order to provide uniform relief sur- 
faces around the interior of the tube. 

A flash is produced as the workpieces are 110 
pressed together, and this flash is uniformly 
directed in a lateral direction, but is substan- 
tially pinched off at the end of the operation 
by the close proximity of .the most forward 
portions of the dies at the junction of the 115 
workpiece surfaces. * Accordingly, the flash 
may be easily stripped from the surface of 
the workpiece, and the outer diameter of the 
completely joined workpieces will be sub- 
stantially the same as the original work 120 
pieces. 

Referring now to Figures 8 to 10, the 
numerals 50 and 51 represent schematically 
two tubes to be welded and consisting of 
metals of different hardness, as indicated by 125 
the closeness of cross-hatching lines, such, as 
for instance, copper for the member 50 and 
aluminium for the member 51. Both tubes 
have their end faces precleaned "to remove 
surface oxide and other contamination and 130 



^fP" 1 » Provide a convex and concave sur- 
lace. The particular workpieces are not 
necessarily shaped to interfit, but rather are 
shaped to provide the best relative influence 
5 Jn the instance illustrated a free space or 
cavity 56 remains between the pieces in the 

ff*"' u n by , f0rmin S th e end ^ce of 
member 51 with a slightly convex surface 54 
and forming the end face of member 50 with 
10 a groove or concave surface 55. As indi- 
cated in Figure 7 the bottom of the concave 
surface 55 may have a radius at the bottom 
equal to a quarter of the effective projection 

15 Z?Z J ° A ther T s , l,rface a radjus equal to the 
15 projection A. The members 50 and 51 are 
held or gripped by suitable welding dies 5? 
ana 53 which are diagrammatically repre- 
sented by sloping lines for clarity. Dies 5' 

oo T ay be split diss of the nature de-~ 

20 senbed above to which is applied the upset- 
ting or welding pressure by means of a suit- 

Sn v ,° T p .? wer press - in a manner 

well known and understood. 

o< ^ J n i OTd J er 10 ccntro1 the P ro Per amount of 
25 displaced or upset metal in the final welding 
position. Figure 10, the members 50 and 51 
project from the dies 52 and 53 by predeter- 
mined distances A. As previously described 
the dies are shaped to abut and thus act as a 
•W step means determining the end of the weld- 
ing cycle. The faces of the dies are shaped 
to act as a means to confine or divert the up. 
set metal in a radial direction to direct the 
inttrfacial metal flow and to cause merging 
35 and welding of the metals into a solid phase 
bond at the interface. In the drawing the 
member 50 is shown projecting from its die 
a?V Z an amotj nt greater by a distance 
A than the projection A to take into account 
40 the effect of the groove 56. In general, the 
projection A is of the order of or approxi- 
mately equal to the thickness or cross-sec- 
tional dimension of the members 50 and 51 
and in the case of the harder member is equal 
45 to the distance from the die face to the 
bottom of the groove 56. 

In order to obtain a substantially uniform 
or symmetrical weld, that is. with an upset 
or weld flash 58 produced with substantially 
50 equal flow of the harder and softer metals 

St l A C effeCtive projection A of the 
member 50 of harder metal from its welding 
die 53 may be made slightly greater than the 
projection A of the member 51 from its die 
55 52, to account for the free space or cavity 56 
m the harder member. Since for best results 
the projection A is about equal to or of the 
order of the thickness of the members, the 
c n ^ er eentage increase of the projection of the 
60 harder member over the projection of the 
softer member can be easily determined from 
the size of the free space or cavity at 56 

In an arrangement of the type described if 
an upsetting or welding pressure is applied'to 
65 the members 50 and 51, the softer metal of 
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the member 51 will at first be forced into the 
space or cavity 56, thus preventing or im- 
peding us flow in the outward or weld toe 
direction and allowing the end of the harder 
member 50 to be initially upset and caused to 70 
flew outwardly in such a manner as to resuh 

m^- meetI " S of tfce two metals, at an inter- 
mediate point durine the welding cycle in a 

hESSflf flat V Slighlly Xc^or 
interface 57. as shown in Figure 9 75 

up to this point, that ii, during the first 

2° f V hC VV t ding ^le/thlfelds of ,h? 
members have been deformed or forged to 
provide an interface 57 suitable for cold 
welding or the members during the subse- 80 
quern stage of the welding cyde As the 
welding pressure is continued and the inter! 
facia flow of the metals is intensified and 

warT HW 3 substanti a»y radial and out- 
ward direction by the die faces 52 and 51 85 
respectively, the members flow to result in a 
final weld joint, as shown in Figure 10 a! 
a result, by suitably shaping the end faces 54 
and 55, as well as by the proper adjustment 
of the projections A of the members from Ihe 90 

ne^ a o th.V Vh / fa 15 sl P M y c °nvex in re- 
spect to the harder member and concave with 
respect to the softer member, resSvdy 
as shown in the drawing. ^ y ' 95 

While a slightly convex end surface 54 is 
shown ,„ Figure 8 for the softer member 5 
it is understood that this surface may be sub 
* r f «" for so , m e metals in order to £ 
been Sfjfil Furthermore it has 100 

been found that successful butt welds can be 
produced where the amount of the softw 
K° K he ; VeId flaS , h ? 8 exceeds and over- 

n P Fi? ure frf^ metal in ,he mann er shown 
in f-igure 10. by proper control of the rcla- 105 
tive projections A of the members from thSr 
respective die faces prior to weldin? How. 

sive metal and the overlapping be accom 
panied by interfacial slipping*. 0 " „n 

With regard to the cold "butt weldine of 

as cop'oer^, ° f ^ SimiIar meSfsTuch 
as copper and aluminium, a cold pressure 
welding process as described above Eh 
stantial advantages over previously "kno^ 11^ 

S ^tamial amounts of extraneous heat 
SSfnJIr ° r . ab0V f the fusion tempera- 
ofnt Tn c C uT h ' for effecting a welded 
Ces of V 1 • 6 -f Wdding me thod S . nJx- 120 
tures of the dissimilar meta s in the form of 
the euteetic alloys of the metals, a?d al™ in 
the form of mtermetallic compound! are 
often formed. This is especiafly true "wfth 
copper and aluminium. Inmost cases S m 
euteetic alloys and intermetaflk S,mfdt 
are extremely brittle. This is SSarlv 
true of aluminium and of copper tK 
brittle compounds form at the inter? 
face area very rapidly under the heat of flash 130 
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or fusion welding. They form an extremely 
brittle layer in the weld area which appre- 
ciably lessens the strength of the weld and 
greatly increases the tendency for the weld to 
5 break under the slightest shock condition. 
In using the cold pressure welding method 
with dissimilar metals, no appreciable heat is 
generated or applied during the welding, and, 
therefore, no such brittle alloys or com- 
10 pounds can be formed as a result of the weld- 
ing process. In fact, since cold pressure weld- 
ing is dependent upon drastic metal flow be- 
tween pieces of deformable metal, it is im- 
possible that such brittle compounds could 
15 either be generated or could remain in the 
welding area. They would be pushed out by 
the drastic metal flow. 

It is true that such brittle alloys or com- 
pounds will form in a cold pressure welded 
20 joint, of, for example, aluminium and copper, 
if the welded joint is heated to a sufficiently 
high temperature for a sufficient length of 
time. However, it has been found that since 
there is no initial formation of such a brittle 
25 alloy or compound in the making of the 
weld, that such welds will stand a higher heat 
and for a longer time before an amount of 
brittle material appears, in comparison to 
such joints when made by flash or other heat 
30 welding. . 

It appears that in the heat welding of such 
joints, for example copper to aluminium, that 
initial or "seed" crystals of the britde eutectic 
or intermetallic compounds are formed and 
35 promote the growth of additional amounts of 
such materials as the welds are heated. It 
has been found that in the case of cold pres- 
sure welded joints this growth is much slower 
under equal heating conditions, presumably 
40 due to the absence of the "seed" crystals in 
the weld interface. . 

Presumably because of the work hardening 
of the material in such welds as copper to 
aluminium at the interface, it has been found 
45 that the strength of such welds is increased 
slightly by applying heat after the weld is 
made. It has been found that for copper to 
aluminium, heating to 650 degrees for three 
minutes and quenching in water effects a 
50 strengthening of the weld over the strength 
immediately after it is made. A longer time 
at less heat rs also effective. 
What we claim is: — 
1. Apparatus for uniting by cold pressure 
55 welding two tubular parts of cold pressure 
weldable material and of similar cross-sec- 
tional dimensions in a butt joint with the 
tubular parts co-axial, comprising an internal 
supporting member and an external clamp- 
60 ing member individual to each tubular part, 
and guide means for constraining the inter- 
nal supporting members and external clamp- 
ing members to move co-axially together 



upon the application of pressure to effect 
butt welding of the tubular parts. 65 

2. Apparatus as claimed in Claim 1, 
wherein the front faces of the internal sup- 
porting members and external clamping 
members axe recessed away from the region 
where the butt joint is made to permit the 70 
lateral flow of material at welding both radi- 
ally inwards and radially outwards. 

3. Apparatus as claimed in Claim 1 or 
Claim 2, wherein surfaces are provided on 
the front faces of the external clamping 75 
means which surfaces engage one another at 
the end of the welding movement 

4. Apparatus as claimed in Claim 1, 2 or 
3, wherein the guide means comprises a rod 
upon which one or both of the internal sup- 80 
porting members slide. 

5. Apparatus as claimed in Claim .1, 2 or 
3, wherein the guide means comprises an 
annular ring engaged by co-axial annular 
shoulders on the external clamping members. 85 

6. Apparatus as claimed in Claim 1, 2, 3 
or 5, wherein the guide means comprises a 
pin arranged parallel to the internal support- 
ing and external clamping members, the pin 
being mounted in a carriage supporting one 90 
internal supporting member and one external 
clamping member, and sliding in a similar 
carriage for the other pair of members. 

7. A method of uniting by cold pressure 
welding two tubular parts of cold pressure 95 
weldable material and of similar cross-sec- 
tional dimensions in a butt joint with the 
tubular parts co-axial, wherein the tubular 
parts are held accurately in alignment and 
their ends butted together whilst providing 100 
both internal and external support for the 
tubular parts. 

8. A method as claimed in C l aim 7, 
wherein the butting ends are pre-shaped to 
assist welding. ™5 

9. A method as claimed in Claim 8 and for 
welding two tubular parts of dissimilar flow 
characteristics, wherein a concave abutment 
surface is provided on the end of the tubular 
part having the greater resistance to flow and 1 10 
a convex abutment surface is provided on the 
end of the tubular part having the lesser re- 
sistance to flow. 

10. A method as claimed in Claim 7, 8 or 

9, wherein the weld area is heated after 115 
welding. 

11. A method as claimed in Claim 10, 
wherein the weld area is quenched after heat- 
ing. 

12. A method of or apparatus for pressure 120 
welding substantially as hereinbefore de- 
scribed with reference to the accompanying 
drawings. 

For the Applicants, 
F. S. PEACHEY, 
Chartered Patent Agent. 
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